The aim of the present study was to determine the effect of four different thickening agents (guar gum, carrageenan, xanthan gum, and gelatin) on the textural and sensory properties of white cheese. For this purpose, various white cheeses were manufactured with brines (the salt ratio was 8% and 12%) that contained different types and concentrations of gums; white cheese textural and sensory properties were studied during storage (at 4 • C). Also, microbiological properties including lactic acid bacteria (LAB) and mesophilic aerobic bacteria were investigated. The physicochemical, textural, microbiological, and sensory properties of the cheeses were determined on the 1st, 15th, and 30th days of storage. During the storage period of cheese, the top-rated samples in terms of sensory properties were cheeses with gelatin and carrageenan gum. The microbiological data displayed that there was an inverse relationship between the number of bacteria and the amount of gum used, although it was not precisely linear. At the same time, the highest values were generally determined in the control samples, and although not to a very great extent, gelatinous examples were found to contain a lower number of lactic acid bacteria than others. Regarding the textural properties, the hardness value of all samples containing gelatin showed a continuous increasing trend, while the springiness values increased only in the samples with xanthan gum and guar gum. At the end of storage, it was observed that the inherent adhesiveness of the samples decreased by more than half and the use of gelatin resulted in an increase in the gumminess of the cheeses. As a result, it was determined that reducing the salt used in the brine by up to 8% did not cause any defect since stabilizers were preventing water passage into the cheese by holding water.
Introduction
Cheese, which is rich in protein and fat, is a product obtained as a result of the curd being processed in different ways and allowed to mature under certain conditions for certain period of time after the milk is coagulated with rennet and whey is separated. The salting process, which gives the cheese a characteristic taste and appearance and also affects the maturation period except for some varieties consumed fresh and salt-free, is considered as an essential stage of the production. It also affects the proteolysis in cheese and, hence, its structure and taste [1] [2] [3] [4] . White cheese, one of the most common of soft cheeses in Turkey is produced 360 thousand tons annually and is salted in brine.
White cheese in Turkey is usually kept in brine with a salt content of 12-16%. Salt is used to preserve the cheese and give it hardness as well as flavor [5, 6] . When the salt ratio is lowered, the cheese tends to melt and eventually softens and dissolves. This is because some minerals that give hardness to the cheese dissolve and pass into the brine, thus the water in the brine moves into the cheese and increases the water content. Brine is prepared with different proportions of salt and various loose or stable gel when it cooled down. The cheeses were stored in a glass jar at 4 • C throughout the ripening stage. The samples were analyzed on the 1st, 15th, and 30th days.
Brine with stabilizers was prepared as follows: First, the amount of gum to be used in brine was optimized and was added in the following proportions.
Brine with guar gum: 0.75-0.50% and 0.25% guar gum was weighed and was dissolved in brine containing 8% and 12% salt separately. This brine was pasteurized at 85 • C for 15 min.
Brine with xanthan gum: 0.75-0.50% and 0.25% xanthan gum was weighed and was dissolved in brine containing 8% and 12% salt separately. This brine was pasteurized at 85 • C for 15 min.
Brine with carrageenan: 1.5-1.0% and 0.75% carrageenan was weighed and was dissolved in brine containing 8% and 12% salt separately. This brine was pasteurized at 85 • C for 15 min.
Brine with gelatin: 2.0-3.0% and 1.0% gelatin was weighed and was dissolved in brine containing 8% and 12% salt separately. This brine was pasteurized at 85 • C for 15 min.
Control brine: Brine containing 8% and 12% salt was prepared and this brine was pasteurized at 85 • C for 15 min.
The difference in the ratio of gum in brine was the cause that some of them had a high consistency. Brine with gelatin also had a high consistency. However, they started taking the form of gel and started to become thick after the first day.
Cheeses were produced in two replications and analyses were carried out in 3 repetitions.
Textural Properties
The textural properties of cheese samples were determined using the texture analyzer (TA.XT Plus Stable Micro Systems Ltd., Surrey, England) [14] . Samples to be analyzed were cut into cubes of 2.0 cm size. A 2 cm diameter spherical head was used in the pressing. The compression speed was set to 1 mm/s, the total processing time to 10 s, and the compression was carried out to compress 25% of the original size of the samples. According to the texture profile analysis technique, two consecutive compressions were applied, and a tissue profile of samples was determined by measuring tissue profile parameters. In this method, the hardness, adhesiveness, springiness, cohesiveness, gumminess, chewiness, and resilience of the cheese samples were measured. Texture analyses were carried out in 5 repetitions.
Microbiological Properties
LAB and total mesophilic aerobic bacteria (TMAB) counts were performed by using bacteria-counting methods in cheeses. To test the microbial properties of samples, serial dilutions were prepared with 25 g samples and 225 mL sterile ringer solution, and LAB (Streptococcus and lactococci) count and TMAB count were performed.
LAB found in cheese were determined as colony-forming unit (CFU) in 1 g of cheese at the end of 2-3 days of incubation at 37 • C using De MAN, ROGOSA and SHARPE (MRS) Agar [15, 16] .
TMAB Count was determined at the end of incubation at 30 • C for 24 h using Plate Count Agar (PCA) [17] .
Sensory Properties
Sensory analysis was performed according to the hedonic scale method to determine the sensory quality of all cheese types. So, sensory properties of the cheeses were determined by 15 panelists on the 1st, 15th, and 30th days of storage in terms of appearance, taste, texture, and general acceptance from 1 to 9 (1: very bad, 9: very good) [18] .
Physicochemical Properties
Total dry matter analysis in cheese was measured by gravimetric method after drying at 105 • C, salt ratios in cheeses were determined made by the Mohr method, and pH analysis was performed with a pH meter (Hanna-Instrument pH microprocessor, Hanna Company, Vinsoket, RI, USA [6] .
Statistical Analysis of Data
Statistical analysis of the data obtained was performed using the Windows-based SAS 8.0 statistical package program (SAS, Redmond, DC, USA). The effects of stabilizers and brine concentrations on some properties of cheeses were determined by one-factor and two-factor analysis of variance. The difference between the groups was determined using Tukey's method for multiple comparisons at α = 0.05 significance level [19] .
Results and Discussion

Physicochemical Properties
According to Turkish Standards (TSE), the maximum dry matter ratio in white cheese should be 40%. Table 1 shows that in some cheese samples containing stabilizer, especially in the brine 12%, the dry matter content was over the standards. However, most of the cheese samples contained dry matter less than 40%. In samples containing 8% salt brine, dry matter values decreased after the first day and then increased again. No specific trend was observed cheese samples in brine containing 12% salt. In 8% salted brine samples, the highest total dry matter content was found in the case of carrageenan at the end of storage. In 12% salted brine samples, the highest values were in gelatinous samples. According to the results, white cheese, which are over of the standards, could be standardized by using stabilizer in brine. The pH values of all samples were lower on the first day of storage and in the 8% brine as shown in Table 2 . This is due to the fact that in the cheese samples in brine with 8% the salt content (Table 3) was lower and the moisture content was higher. Samples with 8% salt brine enriched with carrageenan showed the lower pH values throughout storage. In cheese samples kept in 12% salt brine, the lowest pH value was measured in the control sample at the end of storage. It was observed that at 30 days, the pH value of the cheeses kept in brine containing 12% salt and gelatin increased, whereas the corresponding pH values in the 8% brine decreased compared to the first day. The results in Table 3 showed that the salt ratio increased during storage in all samples. The aim of the study is to increase the consistency of the brines used in the brine production and to make the salt pass into the white cheese more difficult. However, it did not happen. In all cheese samples with stabilizers, salt content increased throughout storage. This result did not show that the research failed. When the salt content of brine is below 12%, softening occurs in the cheese. In this study, many of the cheeses kept in brine containing stabilizer and 8% salt remained hard, as shown below. However, control cheese softened and melted over time, as expected. The hardness of the control sample containing 12% salt was lower than the hardness value of the cheese kept in brine with 8% salt and 3% gelatin. In addition, the study could be considered successful towards the salt reduction direction because the salt content of the cheese sample kept in brine with 8% salt and 3% gelatin was 4.03%, while salt content of control cheese kept in brine with 12% and 3% gelatin was 5.40% at the end of storage. In other words, while the texture of cheese was preserved, the salt content final cheese product reduced by 25.4%. According to these results, a negative relationship can be established between gelatin ratio and salt ratio.
Microbial Properties
TMAB and LAB counts of cheese samples were analyzed during the study. Although lactococci are the most critical group of LAB in general use, they are used as a starter culture in many fermented milk products, especially in cheese [20, 21] .Şengül [22] found the number of Lactococcus in pasteurized milk cheese as 2.3 × 10 6 CFU/g and the number of Lactococcus in raw cheese as 4.1 × 10 6 CFU/g. They indicated the addition of starter culture to cheese produced from pasteurized milk as the reason for the high number of Lactococcus. Kesenkas et al. [23] , in a study where they examined the village cheeses produced in three different enterprises in the Izmir region, determined the number of Lactococcus as 6.26-7.74 log CFU/g in the first day of the cheeses. Cankurt [7] reported that the number of lactococci measured during the storage of the produced cheeses increased until the 15th day in general and decreased again after the 15th day, and that the increase during storage was statistically significant (Table 4) . TMAB increased in all samples during storage. The number of bacteria was quite high. At the end of the storage, the highest values were recorded in the cheeses kept in brine with carrageenan.
The effect of stabilizers against lactic acid bacteria, used as the starter culture, was also investigated. When the data were examined, it was seen that there was an inverse relationship between the increase in the amount of gum and the number of bacteria, although it is not entirely linear. It was also seen that the number of LAB of all cheese samples salted with 8% brine increased throughout the storage, except, for example, with 0.5% guar gum. In the first day, the lowest numbers were recorded in the cheese samples with gelatin in brine and the same cheese had the lowest number of LAB at the end of storage. The counts of TMAB were parallel to the counts of LAB; both were found in very high numbers in all samples. It was observed that the use of stabilizers did not have a significant negative effect on starter culture. In general, the highest values were determined in the control cheese samples. Cheeses kept in brine with gelatin were found to contain a lower number of LAB than others, although not in severe proportions (Table 5 ). 
Textural Properties
In this study, the textural properties of white cheese with different stabilizer and salt content in their brine were performed using texture profile analysis (TPA). In this method, the hardness, adhesiveness, springiness, cohesiveness, gumminess, chewiness, and resilience of the cheese samples were measured.
Hardness is known as the resistance of the product against deformation [24] . Hardness value in literature is usually expressed with g (kg), while Newton (N) is used in some studies [25] . In general, the hardness values of samples kept in brine with 8% salt were increased from 1 to 15 days first, and then decreased. However, the hardness of all cheese samples kept in brine with gelatin increased continuously. There were significant increases in cheeses with brine containing 12% salt. Hardness values increased consistently in cheeses with brine containing 12% salt. A surprising result was that all of the cheeses being in brine with 8% salt enriched in 0.75% guar gum, 0.75% xanthan gum, and gelatin were harder than the control cheese kept in brine with 12% salt. It is understood from here that, despite being in brine with 8% salt, harder but less salty cheeses can be produced compared to the control cheese maintained in brine with 12% salt (Table 6 ). The formation of texture in cheese varies with various processes. Some of them are the composition of milk and processing stage of milk [26] . In their studies, Akalın and Karaman [27] found the hardness values of the samples they stored in packaging with brine and vacuum packaging without brine as 1080 g and 1130 g, respectively, at the end of storage. Kaya [28] found the hardness value of Gaziantep cheese in five different brine concentrations, which were 5%, 10%, 15%, 20%, and 25% and salt solutions were as 3.45, 5.67, 10.75, 34.87, and 38.36 N, respectively. In their study, Kırkın et al. [29] found the hardness values between 2.7 and 9.4 N at the end of 13 weeks, and Sahingil et al. [30] found the hardness values as 3.07 N, 4.72 N, and 3.66 N, respectively. Sener reported that [24] the hardness values of control cheeses increased until the 30th day and then did not change until the end of storage in the study where transglutaminase enzyme was used in cheese production. In a study by Cankurt [7] , the hardness values of samples during storage were increased first, then decreased, and increased again. Koyuncu showed that [31] the hardness values of the cheeses in his study had been reduced despite the fluctuating course compared to the beginning of storage. The results of our study are consistent with the results in the literature.
Cohesiveness is expressed as the force of intimate bonds between proteins and fats, forming the three-dimensional structure in cheese [24] . When the cohesiveness values of white cheese samples kept in brine with stabilizer were examined, it was seen that the samples exhibited significant changes within themselves and among each other during storage. The cohesiveness values of our samples also followed a fluctuating course like hardness values. Cohesiveness values on the first day were very close to each other in all samples. Although there was no severe decline from the first 15 days at the end of storage, the cohesiveness values of the samples decreased by more than half. While the lowest cohesiveness values were recorded in the control cheeses with brine containing 8% salt, cohesiveness values were among the highest values in cheeses with brine containing 12% salt. The changes in the texture of the cheese during ripening can be explained by the constant breakdown and re-establishment of the protein bonds [32] . Ghoddushi [33] reported that the starter culture used in cheese production was active on cohesiveness values. Yerlikaya [34] in his research on the production of cheese with capers found that the cohesiveness values of the cheese were 0.44-0.68 at the beginning of the storage and 0.15-0.29 at the end of the storage.Şener [24] found the cohesiveness values of the samples in the range of 0.21-0.56 in the research using transglutaminase enzyme in cheese production. In a study by Cankurt [7] , it was stated that the cohesiveness values of the cheese were in the range of 0.77-0.89. The cohesiveness value in our study was found to be lower than those reported in the literature. It is considered that this can be caused by the high concentration of salt in cheese (Table 7) . Chewiness is a not characteristic of cheese that is directly defined, but rather it is calculated using multiple variables [35] . Hardness, cohesiveness, and springiness values are used in the calculation of chewiness [24] . The higher the chewiness value of cheese, the more force is needed to chew the sample, and the chewiness value can be expressed as non-chewability (Table 8) . It is clear that the stabilizers are significantly useful on the chewiness value. According to the benefits of the first day, the chewiness values of the samples can be said to be close to each other. Although there was an increase in all the examples, there was a continuous decline in both control samples. The control sample showed the highest decline among the cheeses with brine containing 8% salt. The cheeses with the highest mean were the cheeses kept in brine with gelatin. In cheeses with brine containing 12% salt, the lowest value was 112.91 g in cheese samples with brine fortified with 0.50% guar gum, while the highest value was 0.75% in the case of brine with 0.75% guar gum. When all data were examined, no correlation was found between the use of stabilizer and chewiness values except for the continuous decrease of the control sample. When the chewiness values of white cheese were examined, different results were obtained.Şener [24] investigated the effect of using different enzymes on the texture of cheese and found that chewiness values in the control cheeses were 180 at the beginning of storage and 90 at the end of storage. Cankurt [7] reported that the chewiness values in the cheese samples with hydrosol fluctuated throughout the storage and showed a significant decline at the end of storage. The chewiness results in our study are similar to results showed by Cankurt [7] .
Adhesiveness can be defined as a force, which allows the elimination of the force of attraction between food and surfaces such as the palate, tongue, or teeth during the consumption of food [36] . Adhesiveness values were very close to each other on the first day of storage and followed a fluctuating course according to storage days ( Table 9) . No meaningful interpretation and comparison could be made due to this fluctuation. Sener [24] stated that the value of adhesiveness in the cheeses produced decreased at the end of the storage. Cankurt [7] noted that the adhesiveness values of the cheeses produced with hydrosol were between −3.19 and −4.81 g.sn at the beginning of the storage and between −2.70 and −3.36 g.sn at the end of storage.
Gumminess can be expressed as the braking force needed to prepare the semi-solid food for ingestion [35] . It is also defined as the value found by multiplication of hardness and cohesiveness [34] . The gumminess values of our samples were close to each other on the first day, like other parameters (Table 10 ). In all cheese samples, it was observed that the gumminess value increased from 1 to 15 days and then decreased again. The lowest value in samples with brine containing 8% salt was recorded in the control sample while the highest values were obtained in samples kept in brine with gelatin. Among the cheese samples with brine containing 12% salt, the highest values were also obtained in those in brine with gelatin. Accordingly, the use of gelatin can be considered to increase the gumminess of cheeses. Cankurt [7] , measuring the gumminess value of cheeses produced with hydrosol, reported the highest level of 282.03 g for the control sample and the lowest level of 191.9 g for the cheese sample with garlic hydrosol on the first day, while at the end of storage, the highest value was in the sample with garlic hydrosol as 223.1 g and the lowest value was in the control sample as 107.9 g. Resilience values were similar to each other on the first day. No serious decline was observed during the first fifteen days, but at the end of storage, the resilience values of the samples decreased by more than half (Table 11 ). In the samples with brine containing 8% salt, the lowest value was recorded in the control sample, while the highest values were among the samples with brine containing 12% salt. The linear relationship between resilience values and cohesiveness values is remarkable. Similar changes are observed when the values of these two parameters are compared. Cankurt [7] reported that the resilience values of the cheeses produced with hydrosol increased until the 60th day in general and then decreased again, and that the first day values were between 0.39-0.45 g and the last day between 0.44-0.48 g. When the resilience results of our study are examined, a decline is observed towards the end of storage.
Springiness can be defined as the degree of being able to return to its previous state after the removal of the deformation force applied on an item [24, 37, 38] . At the end of storage, all of the samples with brine containing 8% salt had a decrease in springiness values. In general, springiness values tended to increase first and then decrease again. On the first day, it was observed that the springiest samples were control samples. At the end of storage, it was the control sample which lost the most springiness among the samples with brine containing 8% salt. Among the samples with brine containing 12% salt, the highest loss was observed in the sample with 1% gelatin (Table 12) . In general, the samples received high scores for their appearance until the end of storage. However, some cheeses did not comply with this trend. These are the samples with brine containing 8% salt and 0.25% guar gum and the control sample. Samples that were kept in brine containing 12% salt and could not maintain their appearance at a high level were samples with 0.5% guar gum and control samples. In other words, in both cases, the control sample was among the examples that received the lowest score in terms of appearance.
When the texture values are taken into consideration, it is seen that cheeses stored in brine containing 8% salt scored the lower degrees. The real problem was manifested in samples kept in brine with guar and in control sample. In samples kept in brine with guar gum, the scores given to the texture decreased as the gum ratio decreased. In the cheeses with brine containing 12% salt, the lowest score was received by the control sample and after the example with guar gum (Table 14) .
